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Immunology and Asbestosis
The majority of workers developing intrapulmonary fibrosis due to the inhalation of asbestos dust have been exposed to high dust concentrations for prolonged periods of time.
There are, however, many workers who have received an equally heavy exposure but who remain healthy (Becklake et al. 1972 ). Thus although the development of asbestosis is dose related there is at the same time a large individual variation in host susceptibility. This paper summarizes some recent studies undertaken to identify and define immunological differences within populations exposed to asbestos dust.
It is known that non-organ-specific autoantibodies are found in some forms of widespread pulmonary fibrosis which are not apparently related to exogenous causes (Turner-Warwick & Doniach 1965 , Turner-Warwick & Haslam 1971 .
Further, it is known that the presence of certain tissue antibodies appears to modify the pathological responses in the lung to certain inhaled inorganic dust (Caplan 1953) . The presence of autoantibodies in relation to the severity of the disease in asbestosis might therefore be important.
Methods
This report summarizes results obtained from three systematic surveys of 782 asbestos workers exposed to different amounts of fibre under different conditions and for contrasting lengths of time.
Pneamoconiosis Medical Panel survey (PMP series): All subjects referred for pension assessment between 1968 and 1972 were asked to attend the Brompton Hospital for standard radiology, physiology and immunological studies. Data were obtained on 196 subjects. The majority had abnormal chest radiographs. E,ast Ham series: In collaboration with Dr Walter Smither and Dr Audrey Hanson, serum was collected from workers who had been exposed chiefly under defined factory conditions during their employment. Serum from 252 subjects was collected between 1969 and 1971. The majority had normal or only slightly abnormal chest radiographs.
Medical Research Unit, Royal Naval Dockyard, Plymouth (MRU): In collaboration with Dr Peter Harries serum was obtained from a series of naval personnel having direct or indirect exposure to asbestos during their employment ashore or afloat. Samples from 334 subjects were obtained between 1968 and 1971. The majority had virtually normal chest radiographs.
A standard simple questionnaire was completed on each of the 782 subjects relating to duration and type of exposure, symptoms and physical signs.
The probable, but only approximate, intensity of exposure was defined in terms of the nature of the job undertaken for the majority of their employment (Harries 1971) . Exposure was regarded as heavy in laggers, strippers, sprayers and those handling raw dry fibre; it was regarded as light in those working in the vicinity but not handling asbestos, wet fibre workers and those handling finished products; exposure to intermediate amounts was classified as medium.
Immunological Tests Non-organ-specific autoantibodies, namely antinuclear antibodies (ANA) and rheumatoid factor (RF), were measured by standard methods (Turner-Warwick & Parkes 1970) . Lung reactive autoantibodies were measured by complement fixation and by antiglobulin consumption (Burrell et al. 1964 , Turner-Warwick & Haslam 1971 . Lymphocyte sensitization to nuclear antigens was measured in vitro by inhibition of leukocyte migration (Soborg & Bendixen 1967) . These lymphocyte studies were made on a small number of selected patients with positive antinuclear antibody.
Results
The mean age and duration of exposure of the subjects in the three surveys are summarized in Table 1 . This shows that the duration of exposure to asbestos is rather longer in the PMP series compared to that from East Ham. The numbers of subjects with antinuclear antibody or rheumatoid factor are shown in Table 2 . Antinuclear factor was found more frequently in the PMP series than in either the East Ham or MRU series. The prevalence amongst the latter was only very slightly greater than is found in a random adult population (Beck 1963) . Rheumatoid factor was also found with slightly greater frequency amongst the PMP series than in either of the other two and again the prevalence of rheumatoid factor in the East Ham and MRU series is similar to random populations (Ball & Lawrence 1961) . Rheumatoid factor and antinuclear antibody in the same serum were found very infrequently: in only 14 of the 782 patients.
The prevalence of antinuclear antibody and its relation to age at the time of testing is shown in Fig 1. In the East Ham and MRU series the main increase in ANA was found in the older patients, in contrast to the PMP series where an increased prevalence of ANA was found in younger age groups as well.
A major difference between the PMP series and the other two was the greater number of subjects with clinical evidence of asbestosis. Finger clubbing with or without rales was found in 25 % of subjects in the PMP series compared with 11.4 % in those from East Ham and 9.3 % of those in the MRU series. When the prevalence of ANA was sought amongst those having had heavy asbestos exposure and having abnormal chest physical signs the results are similar in the three series (Table 3 ). This suggests that ANA is related to the development of asbestosis and is not the consequence of heavy exposure alone. The full radiographic analysis of the three series will be published separately on completion. An initial survey of 55 cases from the PMP series suggests that the majority of sero positive cases have a moderate or marked radiographic abnormality (Fig 2) .
Lymphocyte Sensitization
Using the technique of inhibition of leukocyte migration as an indicator of lymphocyte sensitization to nuclear antigens, the group of patients with asbestosis and ANA antibody showed no greater inhibition of leukocyte migration on challenge with nuclear antigens than did the control group (Table 4) ; nevertheless, individual patients showed evidence of lymphocyte sensitization in this test to DNA, crude nuclei and to a nucleoprotein preparation.
The incidence of lung reactive autoantibodies measured by complement fixation and antiglobulin consumption in these cases was not significantly above that found in random populations. Discussion ANA has been found in about 5 % of individuals in random population studies (Beck 1963 ) and tends to rise in older age groups. Our studies suggest that the incidence of ANA and rheumatoid factor in the East Ham and MRU series is not greatly different. In both ofthese, the numbers of subjects with clinical evidence of asbestosis was very small. In contrast, the incidence of ANA was greater in the PMP series and the increase occurred at an early age. In this series a larger proportion had abnormal physical signs in the chest and the majority had abnormal chest radiographs. The evidence thus suggests that the development of autoantibodies is related to asbestosis and not to heavy exposure alone.
Whether these autoantibodies arise as a consequence of widespread fibrosis or are related to pathogenesis has yet to be resolved. The low incidence found in fibrotic extrinsic allergic alveolitis and sarcoidosis suggests that these autoantibodies do not arise as a nonspecific consequence of any form of fibrosing lung disease (Turner-Warwick & Haslam 1971) .
Whether ANA influences the development of asbestosis in a way analogous to rheumatoid factor in coalminer's pneumoconiosis has yet to be resolved. Follow-up studies on the rate of progress in ANA-positive and ANA-negative cases are being undertaken.
It is of interest to contrast the immunological features seen in asbestosis and in cryptogenic fibrosing alveolitis where the radiographic and clinical pattern is very similar. An increased prevalence of antinuclear antibody and rheumatoid factor is found in both conditions, but contrasting results are found in lymphocyte studies in vitro. Evidence of lymphocyte sensitization to nuclear antigens is seen in seropositive cryptogenic fibrosing alveolitis and lymphocyte tests were negative in seropositive patients with asbestosis. This may reflect a different immunological basis for the appearance of ANA in the two conditions.
There is good evidence that ANA may be stimulated by several different factors, as shown in its transient appearance in certain infections such as infectious mononucleosis (Holborow 1972) in contrast, for example, with the continuing high titres seen in systemic lupus erythematosus.
The initial object of this study was to attempt to identify those workers who might be susceptible to the adverse effects of asbestos dust before they developed established disease. It is hoped that from the follow-up studies now in progress we shall learn whether the disease will advance more rapidly in the ANA-positive subjects than in their seronegative co-workers. If this is so, then it might suggest that ANA can have an accelerating action analogous to its accelerating role recently demonstrated experimentally (Hughes & Rowell 1970) .
Summary
The prevalence of antinuclear antibody and rheumatoid factor has been studied in three series of subjects exposed under different conditions to asbestos dust.
A greater incidence of ANA and rheumatoid factor was found in the Pneumoconiosis Medical Panel series, where the majority of subjects had abnormal chest radiographs, in contrast to a near normal incidence in the East Ham and Medical Research Unit series, where the majority had no clinical or radiographic evidence of asbestosinduced lung disease. is The increased prevalence of ANA appears to be related to the development of asbestosis and not to heavy exposure of asbestos dust alone.
The absence of ANA and rheumatoid factor in certain other fibrosing lung diseases suggests that the appearance of these autoantibodies is not the nonspecific consequence of any form of pulmonary fibrosis.
Studies in vitro have shown that in asbestosis patients with circulating antinuclear antibody evidence of lymphocyte sensitization can also frequently be found, though of lesser degree than is seen in patients with nonoccupational cryptogenic fibrosing alveolitis who present with a very similar clinical appearance.
Whether ANA can be used to identify individual susceptibility before the development of disease, or whether it influences the evolution of the pathology, will have to be determined from follow-up studies.
